Consumption of carbonated acidic beverages is the main etiological factor in dental erosion. Studies have shown that nanohydroxyapatite has the potential to remineralise primary carious lesions. This experimental study was carried out on 18 permanent teeth. Following measurement of the primary micro hardness value of each tooth, the teeth were immersed in 40 ml soft beer, followed by measurement of secondary micro hardness values. The teeth were then randomly divided into two groups NHAP solution and drinking water, and tertiary micro hardness values were then measured. Data analysis was carried out by paired t test (within groups) and ANOVA (between groups) statistical tests. Secondary micro hardness values of the 18 samples had reduced to 92.5% of the primary values and this was found to be statistically significant (p=0.009). Tertiary micro hardness values of the 9 samples in the tap water group were 99.3% of the secondary values, which was not statistically significant (p= 20.6). The tertiary micro hardness values of the 9 samples in the NHAP group had increased; so that the secondary micro hardness values were equivalent to 98.2% of the tertiary micro hardness values, which was statistically significant (p= 0.012). According to the results of the present study, NHAP has the potential to remineralise erosive enamel lesions caused by exposure to soft beer.
INTRODUCTION
Dental erosion is defined as the irreversible loss of tooth substance by a chemical process not involving bacteria. The main cause of dental erosion is acid exposure (Neville Bw etal.,2002) ; this may be caused by a sudden increase in consumption of soft drinks, diet cokes and fruit juices, which seems to be more significant compared to the other etiologic factors (Bello and AL-Hammed, 2006) .
Considering the deteriorating effects of soft beer beverages on the micro hardness of dental enamel, it is essential to search for a material that induces *Corresponding author. E-mail: abassi110@yahoo.com. Tel: 98 21 88956227. Fax: 98 21 88 967618. remineralisation of erosive lesions. Recently, it has become possible to use nanotechnology for preparation of nano-filters and nano-composites. Nanotechnology is defined as the construction of materials, parts and useful systems with nanometer dimensions (in longitudinal scale) and subsequent application of the novel characteristics of this minimal scale technology (Freitas Jr, 2000; Jhaveri and Balaji, 2005) . The topic of nanotechnology is one of the most commonly discussed areas amongst the international scientific community (Saravanakumar and Vijayalakshmi, 2006) ; and nanohydroxyapatite (NHAP) is one of the byproducts of nanotechnology. Hydroxyapatite is a material with high tissue biocompatibility; therefore production of hydroxyapatite crystals in nano-sizes enables higher compatibility with enamel crystals. The results of a large number of studies carried out in recent years have shown that toothpastes and mouthwashes containing NHAP have the potential to remineralise primary carious lesions (Haung et al., 2009) . The aim of this in vitro study was to investigate the effect of NHAP as an anti-erosive agent on enamel micro hardness of third molar teeth following exposure to a soft beer beverage.
MATERIALS AND METHODS
This in vitro study was conducted on 18 unerupted third molar teeth. The teeth were removed surgically, and were clinically examined to ensure that they did not exhibit caries, attrition, micro fracture or hypocalcific changes. During the four months collection period, the teeth were stored in newly purchased glass containers that were filled with tap water collected from central Tehran (region 6) and stored at room temperature. In order to prevent surface changes and contamination during this period, the water inside the glass containers was changed twice per week. At the end of the collection period, the surfaces of the teeth were mechanically polished using a prophylaxis brush and paste (containing pumice without fluoride) in slow speed and air turbine hand pieces rotating in low speeds of between 500 to 1500 rpm. The teeth were then examined under a steromicroscope (Carton Industries Ltd SCW-E-Thailand) (×40) for absence of any enamel irregularities, microscopic carious lesions and micro fractures; 18 teeth were selected as the study sample. Square shaped labels with a diameter 5 × 5 mm were then attached to the distal surfaces of the teeth, and the remaining surfaces were covered by translucent self-curing acrylic resin; this provided uniform dimensions of the exposed surfaces of all of the teeth irrespective of shape, size or group. During acrylic placement, the samples were placed in cold water in order to prevent dimensional changes induced by the exothermic reaction of the setting acrylic.
In order to enable accurate assessment of enamel micro hardness, the surfaces of the samples were polished using 5,000 grit abrasive paper and water irrigation; so that the resulting smooth enamel surface would be compatible with Vickers micro hardness measurement device (Shimadzu M g5037, Japan). After polishing, the surfaces of the samples were dried, and primary micro hardness values of the teeth were measured using the Vickers device. The most suitable point of force application was selected. A force of 50 g was then applied at three separate points on each sample (in the shape of L) and the micro hardness value of each sample was then calculated and recorded.
After recording the primary micro hardness values, each tooth was immersed for 5 min in 40 ml of Behnoush Lemon Delester (Behnoush, Iran), which was poured into a beaker immediately after opening the bottles. Considering the average daily consumption of soft drinks and an average 20 s duration of contact with the mouth (prior to salivary cleansing), the daily consumption of carbonated soft drinks is 5 min (Kitchens and Owens, 2007) . Following immersion, the teeth were removed and secondary micro hardness values were measured using the Vickers device. The teeth were then randomly divided into two groups containing 9 samples as follows:
1.Treatment group: consisting of 9 teeth immersed in NHAP solution (10%) (Nanoshell co.) 2. Control group: consisting of 9 teeth immersed in drinking water collected from central Tehran (Region 6) It should be noted that the pH values of Behnoush Lemon Delester, drinking water and NHAP solution were measured by a pH meter device (METROHM Ltd, Herisau CH-9101, and Switzerland) prior to use ( Table 1) .
The surfaces of the samples in the control and experimental groups were subsequently washed for 10 min, followed by tertiary measurement of the micro hardness values of the teeth by a blind examiner (who was not aware of the solution in which each tooth was immersed). The collected data was then statistically analyzed, and changes in micro hardness values of the teeth in each group and between groups were analyzed blindly (by a statistician who was not aware of the solutions used in each group) using paired t test and ANOVA statistical analyses.
Due to the indentation caused by the Vickers device at the primary measurement points, subsequent assessments of the micro hardness values at the same points of impact was not possible, and secondary/tertiary micro hardness values were measured at other points on the teeth. Considering lack of statistical significance in micro hardness values at various points of impact on a tooth, it is possible to assume that the micro hardness of any point is representative of the surface micro hardness of each sample (Haghgoo and Foruzesh, 2010) .
RESULTS
The average primary micro hardness value of the 18 samples was 340.24±25.4 2 kgf/mm. This had reduced to 314.67±33.89 2 kgf/mm (secondary micro hardness value) following immersion in Behnoush Lemon Delester; this was equivalent to 92.5% of the primary micro hardness value, and analysis by paired t test showed this is statistically significant (p = 0.009) ( Table 2) .
The average secondary micro hardness value of the 9 samples in the water group was 312.85±36.79 2 kgf/mm; this reduced to 310.81±31.44 2 kgf/mm (tertiary micro hardness value) following immersion in drinking water. This was equivalent to 99.3% of the secondary micro hardness value, and analysis by paired t test showed that this is not statistically significant (p = 20.6) ( Table 3) .
The average secondary micro hardness value of the 9 samples in the NHAP group was 315.18±30.65 2 kgf/mm. This increased to 320.99±24.74 2 kgf/mm (tertiary micro hardness value) following immersion in NHAP solution; therefore the secondary micro hardness value was equivalent to 98.2% of the tertiary micro hardness value, and analysis by paired t test showed that this is statistically significant (p = 0.012) .
The results showed that there is a statistically significant reduction in the micro hardness of unerupted permanent third molar teeth following exposure to Behnoush Lemon Delester Drink. The results also showed that there is a statistically significant increase in the micro hardness value of unerupted permanent third molar teeth following exposure to NHAP solution; no significant changes were recorded following exposure to water.
DISCUSSION
Dental erosion involves loss of tooth structure by a chemical process not involving bacteria on the tooth surface (Haung et al., 2009) . Despite a reduction in the prevalence and severity of dental erosion in recent decades (in particular in developed countries) (Kitchens and Owens, 2007) , a significant increase in other pathological entities such as dental erosion has been observed. Although, numerous studies have been carried out in the field of tooth wear and in particular dental erosion since 1980s (Shaw et al., 1998) , there is no consensus regarding the prevalence of dental erosion, and recorded statistics range from 25 to 60%. According to recent studies, the prevalence of dental erosion is increasing (Peterson and Bratthal, 996) , and the main etiological factor is believed to be exposure to acids (Haung et al., 2009) .
One of the main causes of dental erosion is a sudden increase in the consumption of soft beverages, diet drinks and fruit juices. This appears to be more significant compared to the other factors, as the other etiological factors are only present in specific population groups, whereas consumption of acidic beverages has increased significantly in recent years and become prevalent amongst all age groups. Recent studies on dietary intake have revealed that whilst the amount of water intake in children has decreased, there has been an increase in the consumption of acidic drinks (Brown et al., 2007) .
Considering the positive effects of NHAP toothpaste on primary carious lesions (Zhng et al., 2007) , recent advances in the application of nanotechnology in various scientific fields and the effects of erosion and soft beer consumption on dental enamel, it appeared necessary to study the effects NHAP on enamel erosive lesions that are caused by the application of soft beer.
The results of the present study showed that a statistically significant increase in the micro hardness of teeth demineralised by soft beer was observed following exposure to NHAP solution. In a laboratory study by Haghgoo, the effects of soft beer and coke on 30 unerupted third molar teeth were assessed; the results indicated that there was a statistically significant decrease in the average primary micro hardness values of teeth following exposure to the above drinks (Haghgoo and Foruzesh, 2010) . In a study by Fallahinejad et al. (2007) whereby comparison of pH values of various carbonated beverages was carried out, it was shown that calcium was removed from the surface of dental enamel and enamel micro hardness reduced following exposure to these drinks (Fallahinejad et al., 2007) . Considering the above studies, it is apparent that enamel micro hardness is reduced following exposure to acidic beverages.
The results of our study were similar to the previous studies carried out by Haghgoo and Fallahinejad (Haghgoo and Foruzesh, 2010; Fallahinejad et al., 2007) as it was shown that a statistically significant reduction in the micro hardness of teeth was observed following exposure to a soft beer beverage.
In this study, an attempt was made to eliminate all other influencing factors; therefore completely healthy unerupted teeth were selected in order to eliminate variations due to oral and dietary habits of individuals from whom the teeth were extracted. Therefore by removing any possible confounding factors and providing similar circumstances in all of the samples, only the effect of the soft beer drink was assessed. In addition, the softest abrasive paper (5000 grit) was used in order to minimize the inadvertent effects of excess enamel removal. In order to provide similar conditions to everyday circumstances, the temperature of the soft beer solution used in this study was maintained at 9°C (similar to fridge temperature).
The results of the present study indicate that NHAP solution has the ability to remineralise erosive lesions caused by soft beer. In studies carried out by Kim et al. (2007) NHAP was used consecutively in mouthwash, toothpaste and chewing gum (Kim et al., 2007; Jeong et al., 2006; Kjolhede and Gyldenvang, 2009) . It was concluded that all of these materials had the potential to remineralise dental enamel, although additional substances were present in all of the above studies that could have a synergistic effect with NHAP (similar to the effect of fluoride in the study by Haung and Xiangcai, 2005) . Therefore, NHAP was the only material used in this study in order to allow exclusive assessment and enable evaluation of its positive effects on enamel micro hardness.
In a study by Haung et al. (2008) , various concentrations (1, 5, 10 and 15%) of NHAP were investigated, and it was concluded that no difference existed between the 10 and 15% concentrations (Xiangcai, 2005) ; therefore we decided to use 10% concentration of NHAP in this study. Also, in studies by Haung et al. (2008) the effects of NHAP in 12 day, 10 day and 48 hour time intervals were investigated (Kim et al., 2007; Jeong et al., 2006; Kjolhede and Gyldenvang, 2009; Xiangcai, 2005) . However, as it is difficult to apply the above time intervals to clinical situations, it was decided to assess the effect of NHAP in 10 min time intervals. This allowed adjustment of the experimental conditions to clinical circumstances, by assuming that the majority of patients are able to maintain this solution intra orally for a duration of 10 minutes.
In this study, in vitro investigation of the effects of NHAP solution on enamel erosive lesions was carried out. It is recommended that additional in situ studies of the effects of NHAP on enamel erosive lesions are conducted in the future.
Conclusion
According to the results of the present study, it can be concluded that NHAP solution has the potential to remineralise enamel erosive lesions caused by exposure to soft beer beverage.
